Abstract. The low energy part of Proton Engineering Frontier Project (PEFP) accelerators consists of a 3MeV RFQ and a 20MeV DTL. The following accelerator is a 60MeV DTL. This work is related with the beam dynamics design of the new accelerating structure. After optimizing the DTL cell geometry in order to get the large effective shunt impedance per unit length, we have studied the behavior of the proton beam in the designed structure. The final design will be determined after optimizing the linac and considering the MEBT system positioned before the new accelerator for the beam matching.
INTRODUCTION
One of the important goals of PEFP [1] launched in 2002 is the construction of the 100MeV, 20mA proton linac. In the first phase completed in the next year, a 20MeV linac including an injector, a 3MeV RFQ, and 20MeV DTL(DTL1) will be installed and tested. The injector has been installed and used for the beam test of the following accelerators. The RFQ has been also installed and begun to beam test after tuning. The first tank of DTL will be delivered at the end of this year.
The next accelerating structure is the DTL up to 60MeV. After this energy we are considering two options. One is extending the DTL and the other is using the superconducting structure. Now the design study of the accelerator is under progress. Since PEFP has a plan to supply proton beams of 20MeV to the user group, a beam extraction system has to be installed after the 20MeV DTL. As a part of the system, two quadrupole magnets and a 45 degree bending magnet will be installed on the beam path between the accelerating structures. Since the beam properties become worse after going through the system, a medium energy beam transport (MEBT) system is an essential element to match the output beam of the 20MeV DTL into the new structure.
This work is related with the beam dynamics study of the 60MeV DTL(DTL2). At the first stage we have used the ideal input beam generated by the rms matching process using TRACE3D [2] . We have also studied the beam dynamics using the MEBT output beam whose input beam is the simulated output beam of the 20MeV DTL. The preliminary design of the MEBT is also included in this report. We have compared the beam dynamics results through the DTL2 depending on the matching schemes between the RFQ and DTL1.
BASIC DESIGN
The RF frequency remains to be 350MHz. The length of each tank is less than 5m. The tank geometry for DTL2 is same as for DTL1 except the bore radius and face angle. The bore radius is changed to be 12mm from 7mm for DTL1. The face angle is optimized to give as large effective shunt impedance per unit length(ZTT) as possible under the constraints to give the sufficient space for the focusing magnet in the drift tubes. Figure 1 shows the resulting ZTT as a function of energy. The figure also includes ZTT of the DTL1 and the extended DTL up to 100MeV. The face angle is determined to be 40 degrees which gives the ZTT value larger than 40 MΩ/m. PEFP has a plan to use one 1MW klystron per four DTL tanks for the DTL1.
We have decided to go on the same operation scheme in the following accelerator. Then the average accelerating field is around 1.3MV/m which is the same value as for the DTL1. Table 1 summarizes PEFP DTL2 which consists of 8 tanks whose total length is about 40m. The resulting number of klystron is two for PEFP DTL2. The lattice structure is FFDD where the field gradients and effective lengths of the quadrupole magnets are constants to be respectively 5kG/cm and 3.5cm. They are the design values for the DTL1. The synchronous phase is -30 degrees and the peak surface electric filed is less than 0.5 Kilpatrick field. There is no ramps in the amplitude and phase of the RF field in the tanks.
BEAM DYNAMICS RESULT
We have obtained the matched input beam for the new accelerating structure using the TRACE3D code. We have also designed the MEBT system to match the beam between the DTL1 and DTL2. Figure 2 shows the schematic plot of the system which consists of two buncher cavities for the longitudinal matching and four quadrupole magnets for the transverse matching. The resulting parameters of the components are summarized in Table 2 that is obtained by TRACE3D code (Fig. 3) . The effective length of the quadrupole magnets are 15cm in the MEBT system. For the transverse beam matching between the RFQ and DTL1, we will use the first four quadrupole magnets in the first DTL1 tank as the transverse matching equipment. We have considered the two options for the longitudinal matching. One is using a buncher cavity and the other is no matching. Figure 4 shows the emittance behavior under the two options in the transverse and longitudinal directions. The longitudinal emittances are increased about 10% and 50% for with and without longitudinal matching conditions, respectively. At present the latter option is adopted for the PEFP linac operation and the results in this report are based on the condition. For the beam dynamics simulation we have used the PARMILA code [3] . Figure 5 represents the output beam of the DTL1 which will be directly used for the following simulation. The particle number is 9832 reflecting the fact that the transmission rate of the RFQ is 98.3% with the input particle number of 10000. The maximum and rms beam sizes in the DTL2 are given in Figure 6 where the large initial beam is in the MEBT system. It shows the matching is not perfect. Figure 7 shows the output beam of the DTL2. There are some tails in the longitudinal phase plot. The longitudinal and transverse emittance behaviors in the DTL2 are given in Figure 8 . The transverse emittance increases in the first tank and become stabilized. The emittances grow about 10% in both directions.
SUMMARY
We have studied the beam dynamics in order to design PEFP DTL2 which accelerate proton beam of 20mA from 20MeV to 60MeV. In order to match the beam into the new structure we will install a MEBT system consisting of two buncher cavities and four quadrupole magnets. This work is a preliminary result for the beam dynamics design and we have to optimize the design parameters.
